This study evaluated the performance, carcass yield and quality, and physiological stress indicators of broilers of three genetic strains reared at three housing densities for 29 days. A total of 828 day-old male chicks, with average initial weight of 40.0± 2.0g were used. Three genetic strains (Cobb 500, Ross 808, and Ross 508, with 276 birds each) and three housing densities (17, 19, and 21 broilers/m²) were tested. A completely randomized experimental design in a 3 x 3 factorial arrangement, with four replicates of 23 birds each, was applied. The following responses were evaluated: performance parameters (average weekly body weight, average daily gain, feed intake, feed conversion ratio), physiological stress indicators (blood glucose levels, blood cell counts), and carcass yield and quality (dermatosis, bruising, dermatitis, and femoral degeneration scores). Average weekly body weight (BW) and daily weight gain (DWG) were not influenced by rearing density (p≥0.05), but Cobb 500 broilers were the heaviest during the analyzed period. In the second week, Ross 508 birds showed better feed conversion ratio (FCR) when housed at the density of 17 broilers/m² (p≤0.001), whereas the best FCR of Ross 808 and Cobb 500 broilers was obtained at 21 broilers/m² (p≤0.001). Carcass yield was not influenced by the treatments (p≥0.05). Physiological stress indicators were not affected by the treatments, and remained within normal ranges (p≥0.05). Dermatosis scores (scratches) increased (p≤0.05) when housing density increased from 17 to 19 broilers /m².
The effect of housing density on broiler live performance has been extensively studied, as well as on the welfare of broilers (Estevez, 2007) , particularly on their physiological responses to the stress caused by high rearing density. Animals under stress may present both behavioral and physiological changes. The latter include increased serum levels of proteins and glucose, and changes in the number of immune cells, particularly in the heterophil: lymphocyte ratio.
High housing densities are sometimes associated with increased density of contact dermatitis, and consequent carcass downgrading. In the last few years, changes in consumers' preferences have been observed. Relative to chicken meat, there is a higher demand for deboned parts and products, as well as for ready-to-cook products, possibly due to a greater participation of women in the labor market (Castillo, 2001) . Moreover, consumer markets are becoming more demanding in terms of chicken meat quality. Arab countries are the main exporting market of many Brazilian poultry companies, that sell mostly small whole chickens, the so-called "grillers". Such market demands high carcass quality.
Therefore, the objective of this study was to evaluate the effects of stress induced by high rearing density on the live performance, physiological stress indicators, and carcass yield and quality of griller chickens belonging to three different genetic strains.
MAtERIALS AND MEtHODS
The experiment was carried out at the experimental poultry house of the Poultry Innovation Lab (Laboratório de Inovações Avícolas -LINAV) of the Federal Technological University of Paraná, Dois Vizinhos, PR, Brazil. The lab is located at 250º 45' 00" South latitude, 53 o 03' 25" West longitude, and 509 m altitude. The climate is subtropical Cfa. The study was carried out between August and September of 2012 for a total of 29 days. Birds were handled according to the norms of the Committee of Ethics and Animal Research of that university, established according to the determinations of the Brazilian College of Animal Experimentation (COBEA).
Birds, facilities, and diets
In total, 828 day-old male chicks (276 Ross 808, 276 Ross 508, and 276 Cobb 500 chicks), with initial average weight of 40.0±2.0g, were used. At the hatchery, chicks were selected, weighed, and vaccinated against Marek's disease, fowl pox, and infectious bronchitis.
Birds were housed in an experimental poultry house (25m long x 6m wide) divided in 1.0m x 1.2m pens, each equipped with a trough feeder and four nipple drinkers. The house is equipped with an automaticheating brooder, and the sides are closed with yellow curtains. The concrete floor was covered with wood shavings (Pinus taeda L.). During the experiment, house temperature was maintained within the thermal comfort range.
Water and feed were offered ad libitum. The diets were based on corn and soybean meal and formulated to supply the birds' nutritional requirements as recommended Rostagno et al. (2005) for the following phases: pre-starter (1-5 days of age), starter (6-14 days), grower (15-23 days), and finisher (24-29 days). The diets included coccidiostats and growth promoters (nicarbazin, narasin, and enramycin in the pre-starter and starter diets; salinomycin and enramycin in the grower diet), except for the finisher diet, which did not contain any coccidiostats or antibiotic growth promoters.
Experimental design
A completely randomized experimental design in a 3 x 3 factorial arrangement (three genetic strains and three rearing densities) was applied, with nine treatments of four replicates, totaling 36 experimental units (pens). The following treatments were evaluated: T1= Ross 808 broilers reared at 17 birds/m², T2= Ross 808 broilers reared at 19 birds/m², T3= Ross 808 broilers reared at 21 birds/m², T4=Cobb 500 broilers reared at 17 birds/m², T5= Cobb 500 broilers reared at 19 birds/m², T6= Cobb 500 broilers reared at 21 birds/ m², T7= Ross 508 broilers reared at 17 birds/m², T8= Ross 508 broilers reared at 19 birds/m², and T9= Ross 508 broilers reared at 21 birds/m².
Live performance parameters
By the end of each experimental week, all birds and feed residues were weighed to determine the following live performance parameters: average feed intake (FI), average body weight (BW), daily weight gain (DWG), and feed conversion ratio (FCR). Birds of each of the three evaluated genetic strain were housed in an additional pen per strain for replacement purposes.
Physiological stress indicators
Blood glucose levels and total blood cell counts were used as measures of bird welfare.
-Blood glucose levels Blood glucose levels were evaluated when birds were 21 and 28 days of age. Three birds per pen were randomly selected and duly identified for blood collection. Two mL of blood per bird were collected after one hour of fasting in the morning from the brachial vein, using 10-mL syringes and 0.8 x 25 hypodermic needles. Blood was collected in less than 30 seconds. Blood was then stored in tubes containing fluoride, which function is to inhibit clotting and glycolysis. Blood tubes were stored in a cooler at 4-8 ºC, and then submitted to the Clinical Pathology Lab of the Federal University of Paraná, Palotina campus, PR, Brazil. Blood glucose was measured using a commercial kit (Kit Glicose Pap Liquiform, Labtest ® , Brazil) in a semiautomatic biochemical analyzer (Quick Lab 2, Drake, Brazil).
-Total blood cell count In the morning of days 21 and 28, after one hour of feed fasting, three birds per pen were randomly selected for blood collection. Two mL of blood were collected per bird from the brachial vein, using 10-mL syringes and 0.8 x 25 hypodermic needles. Blood was collected in less than 30 seconds. After collection, blood was stored in tubes containing an anti-clotting agent (EDTA). Blood tubes were stored in a cooler at 4-8 ºC, and then submitted to the laboratory mentioned above. Total blood red and white cells were manually counted in a Neubauer chamber according to Natt & Herrick (1952) at 1/200 dilution. The correction factors for leukocytes and erythrocytes were the number of counted cells multiplied by 50 and 10,000, respectively. Packed cell volume was determined using the micro-hematocrit technique; total blood protein by the refractometry method; and hemoglobin levels by the cyano-metahemoglobin method. Wintrobe's indices, including mean cell volume (MCV), mean corpuscular hemoglobin concentration (MCHC), and mean corpuscular volume (MCV), were determined according to Jain (1993) and Pierson (2000) using standardized formulas.
Differential leukocyte counts were performed on blood smear slides stained with hematoxylin-eosin hematological stain (rapid panoptic LB). Heterophils, lymphocytes, eosinophils, monocytes, and basophils were counted, and the heterophil to lymphocyte ratio (H:L) was calculated.
Carcass yield and quality
On day 29, after eight hours of fasting, five birds per pen were randomly selected, identified, weighed to determine final body weight, and transported to a commercial processing plant to be slaughtered. Carcass yield was calculated as carcass weight relative to final body weight. Carcass quality was determined as a function of the presence or absence of dermatitis (breast blisters), dermatoses (scratches), arthritis, and bruising. Femoral degeneration was scored (0-2 scale) by the visual evaluation of the proximal epiphysis of the femur of both legs, according to the method described by Almeida Paz (2008) .
Statistical analysis
The obtained data were submitted to analysis of variance (ANOVA) using Assistat (2000) statistical package and means were compared by the test of Tukey at 5% and 1% probability level.
RESULtS AND DISCUSSION
Live performance Table 1 shows the average live weight of the broilers submitted to the different treatments. There was no interaction between genetic strains and densities (p≥0.05). Strain differences were observed during all evaluated experimental phases (p≤0.001), with Cobb 500 broilers presenting heavier weight during the entire experimental period. Despite the lack of statistical significance, there was a slight numerical reduction in live weight as density increased.
Daily weight gain (DWG) results are shown in Table  2 . There was no interaction between the evaluated factors (p≥0.05). However, there were significant differences among the genetic strains in weeks 1 (≤0.001), 2 (≤0.001), and 4 (≤0.05). In week 1 and 2, Cobb 500 broilers presented significantly higher DWG than both Ross 808 and 508, whereas in week 4, Cobb 500 and Ross 808 had higher DWG than Ross 508. Rearing density had no effect on weight gain. Moreira et al. (2004) obtained higher DWG in broilers housed at higher densities, but other studies reported no effect (Ravindran et al., 2006) or negative effects (Dozier et al., 2005a) on increasing rearing densities.
The final body weight results of the present experiment are consistent with those obtained by Dozier et al. (2005b) , who did not find live weight differences in 32-d-old broilers reared in environmentallycontrolled houses at densities of 9, 11, 12, or 13 birds/ m 2 . In addition, Oliveira et al. (2005) and Buijs et al. (2009) did not observe any effect of rearing density on that parameter either. On the other hand, Moreira et al. (2004) , evaluating three housing densities (10, 13, or 16 broilers/m 2 ), observed significant reduction in weight gain in birds housed at 10 and 16 birds/ m 2 . Mortari et al. (2002) also reported reduced body weight as rearing density increased, and Thomas et al. (2004) , Dozier et al. (2005a) *significant at 5%; **significant at 1%; means followed by different lowercase letters within a column are statistically different; means followed by different uppercase letters within a row are statistically different.
ns= not significant by ANOVA (p≥0.05).
observed that weight gain was reduced when broilers were reared at high densities. Relative to genetic strains, the live weight results of the present study are consistent with those reported by Moreira et al. (2004) , who found differences among the three genetic strains (Ross 308, Cobb 500, and Hybro PG) evaluated.
Some of the above-mentioned authors reported other factors that may negatively affect broiler weight gain as rearing density increases, such as environmental temperature, air quality, and feeder and drinker space, were well controlled in the present study, and therefore, did not influence the results.
A significant effect of the interaction (p≤0.001) between housing density and genetic strain was also observed on feed conversion ratio (FCR) in week 2, as shown in Table 3 . When housed at 19 birds/m 2 , Ross 508 broilers presented better FCR than the other two strains, whereas at 21 birds/m 2 , Cobb 500 and Ross 808 presented the best results (p≤0.001).
Similar results were reported by Dozier et al. (2005a) and Onbasilar (2008) , who observed FCR improvement as housing density increased in young broilers. It should be noted that, despite of the lack of statistical significance (p≥0.05), the best FCR and the lowest FI at the lowest density were obtained only during the period of 21-28 days of age. The evaluated strains presented similar FCR and FI values (p≥0.05) in weeks 1, 3, and 4, although Cobb 500 broilers were 30g more efficient in the last week than Ross 808, and at 21 birds/m 2 , Ross 808 presented the best FCR. Broilers reared at high densities may present reduced FI, and consequently, worse FCR, due to lack of access to the feeders (Febrer et al., 2006) . However, the results of the present study indicate that the number of birds per feeder was not a limiting factor, in agreement with Collins & Sumpter (2007) , who reported that broilers group at feeders independently of housing density.
Overall, the performance results were not dramatically affected by the rearing densities evaluated. This is agreement with Jones et al. (2005) , who found few effects of housing density on the health and welfare of commercial broilers, and no effect on their performance. The results show that the health and well-being are largely determined in the quality of the rearing environment provided by the producer (Febrer et al., 2006) . Therefore, the obtained results should not be interpreted as the lack of effect of housing (Oliveira et al., 2004) .
Physiological stress indicators
The physiological stress indicators of the different strains of broilers reared at different densities are presented in Tables 4, 5 and 6. Blood glucose levels at 21 days of age were significantly reduced as housing density increased (p≤0.05), but were not affected by rearing density in the other evaluated periods (p≥0.05). According to Bonamigo et al. (2011) , high blood glucose levels indicate acute stress, as glucose needs to be readily available to the sympathetic nervous system to be utilized when animals are submitted to adverse situations. Lin et al. (2004) also claim that blood glucose level is an excellent indicator of stress in poultry. Thaxton et al. (2006) did not find any effect of rearing density on blood glucose, corticosterone, or cholesterol levels in broilers reared at 20 kg/m² and 55 kg/m². Zuowei et al. (2011) , did not observe any statistical effect, despite a slight increasing trend of increasing blood glucose levels as rearing density increased.
The results of the present study, therefore, show that increasing the rearing density from 17 to 21 birds/ m 2 did not affect the broilers' welfare, as the evaluated physiological stress indicators did not increase as density increased.
Packed cell volume and total blood protein levels were not influenced (p≥0.05) by the treatments. These Bonamigo et al. (2011) , who did not find any effect of rearing density on these parameters. According to Bounous & Stedman (2000) , leukocyte and lymphocyte counts normally range between 12,000-30,000 cells/μL and 7,000-17,500 cells/μL, respectively, and a 50% or higher ratio of lymphocytes relative to total leukocytes is considered physiologically normal (Tabeli et al., 2005) . Therefore, there was no influence of the treatments on the broilers' immune system because the number of leukocytes is within the normal range for broilers, and the percentage of lymphocytes relative to total leukocytes was higher than 60% (Table 5 ). Other leukocyte counts were not influenced by the treatments (p≥0.05). Table 6 shows the obtained heterophil percentages and heterophil to lymphocyte ratios (H:L). There was no effect of rearing density on these parameters in none of the evaluated ages (p≥0.05). However, H:L ratio was affected by genetic strain on day 21, when Ross 808 broilers presented significantly lower H:L ratio compared with the two other genetic strains. Nevertheless, it should be noted that the calculated H:L ratios were within the range considered normal for all treatments, which is 1:2. Higher blood H:L ratios are considered indicators of stress in poultry, as a result of ACTH release, reducing the number of circulating lymphocytes (Macari, 2002) . The absence of changes in H:L ratios in the present study indicates that birds did not suffer any physiological stress as a result of the rearing densities applied, and therefore, that their physiological welfare was maintained. These results are consistent with those of Heckert et al. (2002) , who did not detect any Bonamigo et al. (2011) , despite not detecting any significant influence of housing density on the H:L ratio of broilers, obtained H:L ratios higher than 1.0 in birds housed at 10 and 15 birds/m 2 , and concluded that these birds were under stress. Table 7 shows the carcass yield results of 29-d-old broilers of different genetic strains reared at different densities. The results in Table 7 show that there was no effect of rearing density or genetic strain on the carcass yield (p≥0.05). These results are consistent with those of Oliveira et al. (2004) , who did not find any effect of rearing density on carcass and parts yield, and with Fernandes et al. (2001) , who obtained similar carcass yield in broilers of different genetic strains. The results suggest that increasing housing density from 17 to 21 birds/m 2 was not sufficient to cause carcass yield reduction in none of the three evaluated strains as a consequence of competition or stress caused by overcrowding.
Carcass yield

Carcass quality
Dermatosis, bruising, dermatitis, arthritis, and femoral degeneration scores are shown in Table 8 . *significant at 5%; **significant at 1%; means followed by different lowercase letters within a column are statistically different; means followed by different uppercase letters within a row are statistically different.
Out of the evaluated carcass quality parameters, only dermatosis scores were influenced by rearing density (p≤0.05). In addition, those scores were affected by the interaction between genetic strain and rearing density (p≤0.05). Dermatosis scores increased as rearing density increased (p≤0.05) from 17 to 19 birds/m 2 , but only a numerical difference was observed between the densities of 17 and 21 birds/m 2 . Except for Ross 508, the dermatosis scores of the other two genetic strains increased with increasing rearing density.
These results are in agreement with the findings of Hall (2001), who observed the incidence of scratches (dermatosis) in broiler carcasses increased from 0.250 to 0.517% when the rearing density increased from 34 to 40 kg/m 2 . Arnould & Faure (2003) also reported that high rearing densities not only has negative effects on live performance, but also increases the incidences of lesions such as bruising, scratches, and footpad dermatitis. The observed increase in dermatosis score may be attributed to the reduction of space to allow the birds reaching the feeders and drinkers.
The dermatitis (breast blisters) results obtained in the present study are different from those of Zhao et al. (2009) , who reported the incidence of breast blisters increased as rearing density increased. It should be noted, however, that skin lesions are closely related with litter and environmental quality, and not only with rearing density.
CONCLUSIONS
1. Cobb 500 broilers presented the highest body weight and daily weight gain throughout the study. However, these parameters were not affected by rearing density and there was no interaction between rearing density and genetic strain (p≥0.05).
2. Feed conversion ratio and carcass yield were not affected by strain or rearing density (p≥0.05).
